A B S T R A C T A study of sera from 285 patients with definite or classical rheumatoid arthritis (including 37 patients receiving no anti-inflammatory drugs) and sera from 67 healthy subjects has confirmed 10 published reports of a statistically significant decreased blood histidine concentration in patients with rheumatoid arthritis. Contrastingly, in sera from 231 patients with a variety of acute and chronic illnesses other than rheumatoid arthritis, no statistically significant hypohistidinemia was observed either in the group as a whole or in association with the administration of aspirin, prednisone, indomethacin, phenylbutazone, or dextropropoxyphene.
A B S T R A C T A study of sera from 285 patients with definite or classical rheumatoid arthritis (including 37 patients receiving no anti-inflammatory drugs) and sera from 67 healthy subjects has confirmed 10 published reports of a statistically significant decreased blood histidine concentration in patients with rheumatoid arthritis. Contrastingly, in sera from 231 patients with a variety of acute and chronic illnesses other than rheumatoid arthritis, no statistically significant hypohistidinemia was observed either in the group as a whole or in association with the administration of aspirin, prednisone, indomethacin, phenylbutazone, or dextropropoxyphene.
In the patients with rheumatoid arthritis there was a statistically significant correlation between the serum histidine concentration and the following: Westergren sedimentation rate (r = -0.33, P < 10-'), grip strength (r = 0.26, P < 10'), hematocrit (r= 0.23, P < 10-'), duration of morning stiffness (r =-0.14, P = 10-'), walking time (r = -0.13, P = 10"), latex titer of rheumatoid factor (r = -0.11, P = 0.001), and the duration of arthritis (r = -0.06, P = 0.05). There was no statistically significant association between the serum histidine concentration and the duration of rheumatoid arthritis in the 151 patients with disease of 0-10-yr duration (r = 0.02, P = 0.5), the sex of the patient, or the presence of antinuclear antibody (r = 0.007, P = 0.9). The serum histidine concentration was less in rheumatoid patients receiving steroids (P = 0.00001), gold (P = 0.009), and aspirin (P = 0.15) than in rheumatoid patients not receiving these drugs. This study indicates that histidine determinations on
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INTRODUCTION
The free blood histidine concentration has been reported to be statistically significantly decreased in patients with rheumatoid arthritis in 10 (1-10) of 11 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) reports. In two reports (3, 9) , patients with more active rheumatoid arthritis had smaller serum histidine concentrations than patients with less active disease. The present report confirms and extends these observations.
METHODS
The concentration of free histidine in serum was determined with a method in which histidine and o-phthaldialdehyde react in alkali to form a fluorescent product which is measured in a fluorescence spectrometer (12) . The method is linear in the range used (12) . Venous blood samples were collected without regard to time of day, meals, drugs, or activity. No subject had received L-histidine therapeutically for at least 1 mo before the time blood was obtained. Serum was separated from clotted blood within 4 h after venipuncture and frozen immediately at -20'C to prevent an otherwise misleading increase in the concentration of histidine in the specimen. Hematocrits were measured in heparinized microhematocrit tubes centrifuged at 625 g for 30 min. The Westergren sedimentation rate (millimeters per hour) was used (13) . Rheumatoid factor was measured in serum by tube dilution using latex particles (14) and was considered to be present when the test was positive in a dilution of at least 1 to 10. Antinuclear antibody was measured by immunofluorescence using rat liver (15) . Grip strength was measured as described by McCarty (16 (Table I ). The average free serum histidine concentration in 67 healthy subjects was 1.85 mg/100 ml (SE = 0.05); in 231 subjects with a variety of acute or chronic illnesses or abnormal conditions, not including rheumatoid arthritis, the serum histidine concentration was not statistically significantly different (P=0.6), averaging 1.83 mg/100 ml (SE=0.02). The mean serum histidine concentration in 285 patients with rheumatoid arthritis, however, was 1.39 mg/100 ml (SE = 0.02), and this value was statistically significantly (P < 10-l') less than the mean serum histidine concentration in both the healthy subjects and the sick nonrheumatoid subjects (Table I ). The mean serum histidine concentration in patients with rheumatoid arthritis receiving no anti-inflammatory drugs (e.g.. no aspirin, indomethacin, phenylbutazone, steroid, gold, chloroquine, or immunosuppressive drugs) was also statistically significantly subnormal (Table I) . Tables II-IV (Tables II and III and Fig. 1 ).
The strongest correlation was that between the serum histidine concentration and the Westergren erythrocyte sedimentation rate. The sedimentation rate was most abnormal (81.3 mm/h) in association with the 17 sera from the 16 patients whose serum histidine concentrations were most subnormal, i.e., between 0.40 and 0.80 mg/100 nml. The sedimentation rate was closest to normal (32.8 mm/h) in association with the 141 sera from the 74 patients with the largest serum histidine concentration, i.e., greater than 1.80 mg/100 ml. Between these two extremes there was a virtually linear relationship Low Serum Histidine in Rheumatoid Arthritis and Disease Activity (18) . Only patients receiving the drug are included in the analysis.
between each histidine subgroup's average serum histidine concentration and average sedimentation rate ( Fig.  1) . 82% of the sera from patients with a sedimentation rate greater than 40 mm/h had a histidine concentration of less than 1.60 mg/100 ml, 62% had a histidine concentration of less than 1.40 mg/100 ml, and 34% had a histidine concentration of less than 1.20 mg/100 ml.
There was considerable scatter in the data. For example, in the subgroup with the largest number of sera (serum histidine concentrations between 1.20 and 1.40 mg/100 ml), the average sedimentation rate was 50.9 mm/h (SD = 26.5 mm/h, SE = 1.68 mm/h), the 95% confidence limits for the mean were 47.6 and 54.2 mm/h, but the 95% confidence limits for a single value of the sedimentation rate were 0 and 103.2 mm/h and the coefficient of variation (SD/mean) was 0.52.
The correlation coefficients for the relationship between the serum histidine concentration and the Westergren sedimentation rate were also computed separately for each patient and then combined (19) . The weighted combined correlation coefficient thus obtained (r = -0.24, P = 10-) was not statistically significantly different (P = 0.06) from the correlation coefficient (r = -0.33) obtained in the usual manner by using the values for all the patients in one calculation. The correlation coefficients computed separately for each patient were statistically significantly (P = 0.0001) heterogeneous by chi square analysis (18) . There was also a statistically significant (P = 0.02) correlation between the Wintrobe sedimentation rate and the serum histidine concentration (n = 22, r = -0.50).
Grip strength (Table II 9) was not linear (test for linearity: P = W1()). Henmatocrit (Table II and Fig. 3 ). There was a statistically significant difference between men and women both with regard to the slopes (P = 0.005) and the correlation coefficients (P = 10-4) of the relationship between hematocrit and the serum histidine concentration.
Morning stiffness ( Table If and Fig. 4 ). 100 sera were obtained from 48 patients who, when blood was obtained, reported morning stiffness "all day." Since data containing "all day" values cannot be readily converted into a Gaussian distribution of durations of morning stiffness, the percent of patients whose morning stiffness exceeded A h and the median duration of morning stiffness were calculated for each patient subgroup of serum histidine concentrations (Fig. 4) . Statistical analysis was performed by testing for a linear trend in the percent of patients with stiffness greater than 1 h 18). Aspirin dose (Tables II and IV and Fig. 7 ). In the 24 patients (45 sera) with Westergren sedimentation rates greater than 100 mm/h there was a statistically significant positive correlation (r = 0.40. P = 0.005) between the serum histidine concentration and the pa- (Table 11 and Fig. 8 ). In the 28 patients (52 sera) with rheumatoid arthritis of less than 6-mo duration, the average serum histidine concentration (1.43 mg/100 ml) was the same as in the 285 patients with rheumatoid arthritis of all durations (also 1.43 mg/100 ml).
Age (Table II) . There was a strong correlation (r = 0.85, P < 10-a) between age and the duration of arthritis.
Time of day (Table II and Fig. 10 ). The most abnormal histidine concentrations were present in samples collected between 11 A.M. and 1 P.iI. (1.39 mg/100 ml); the least abnormal were from specimens collected between 8 and 9 A.MI. (1.48 mg/100 ml) and after 4 P.M. (1.46 mg/100 ml). There were no statistically significant differences between the mean serum histidine concentrations in anto of the time intervals in Fig.  10 (analysis of variance and Student's t test [18] ).
Antinutclear antibody (Tables II and IV) . Of the 409 sera (89 patients) selected at random for antinuclear antibody tests., 16% were positive. Of these 89 patients, 7% had a positive antinuclear antibody test in Anti-inflammatory steroids (Tables II and IV) .
The average sedimentation rate for the patients receiving steroids was 50.2 mm/h (SD = 28.2). The average sedimentation rate for the patients not receiving steroids was 46.5 mm/h (SD = 27.6). The difference was statistically significant (P = 0.04). Gold (Table IV) . The correlation between the serum histidine concentration and the sedimentation rate was virtually the same in the 85 blood samples from the 27 patients receiving gold (r = -0.35) as in the 980 blood samples from the 204 rheumatoid patients not receiving gold (r = -0.34).
Relative clinical status at time blood was obtained.
At each visit patients were asked whether they felt better, worse, or the same as on the previous visit. The average serum histidine concentration in the 283 sera from those patients reporting "better" was 1.49 mg/100 ml (SD = 0.34); in the 244 sera from those reporting "same" it was 1.44 mg/100 ml (SD = 0.35); and in the 375 sera from those reporting "worse" it was 1.40 mg/ 100 ml (SD = 0.34). The difference in the serum histidine concentrations between those feeling "better" and those feeling "worse" was significant (P = 0.0008). In the 48 patients reporting more than one "better" and "worse" during the study, the average difference ("better" minus "worse") between the serum histidine concentrations at these times was 0.09 mg/100 ml (SD = Duration of arthritis (years) FIGURE 8 Association between the serum histidine concentration and the duration of rheumatoid arthritis in 723 sera from 151 patients with disease for 10 yr or less. r =0.02;
greater in these patients than in patients consisting also of those receiving these drugs (Table II) Timtie of day. Blood samples obtained from patients with rheumatoid arthritis between 8 and 10 A..M. and after 4 P.M. were the least hypohistidinemic (Fig. 10 ). This is probably because patients were allowed to select the hour of their appointment. As a consequence, working patients tended to come before or after work and patients with profound morning stiffness rarely came early in the day. Sedimentation rate-Westergren (mm) FIGURE 9 Association between the grip strength and the sedimentation rate in 984 visits by 169 patients with rheumatoid arthritis. r = -0.36; P < 10'. Dit ration. of art/nritis. Characteristics of rheumatoid arthritis such as deformity, muscle atrophy, restricted activity, debility, and nodules are more common in patients with disease of long duration. There was. however, no correlation (r -0.02, P = 0.5) between the serum histidine concentration and duration of disease in patients with disease of 0-10-yr duration. Moreover, the serum histidine concentration was as abnormal in patients with disease of less than 6-m duration as in the entire group of rheumatoid patients. This suggests that the characteristics of rheumatoid arthritis referred to above are probably not responsible per se for the hypohistidinemia of rheumatoid arthritis.
Usefulness of a single determination of the scrum1 hiistidine concentration.. A single measurement of the serum histidine concentration correlated only roughly with the sedimentation rate and other measures of disease activity (Tables I and II) . There are several possible reasons for this. First, all measures of disease activity to which the serum histidine concentration has been compared in this study are subject to technical error and inherent extraneous variability (16 error and extraneous variability. Among the technical factors involved are the period of time before separation of the clot from the serum and the period of time the serum is left unfrozen. Differences in temperature between the fluorescing solutions used in the assay procedure also affect the results obtained. Nevertheless, measurement of the serum histidine concentration in casual samples, properly declotted and stored, particularly if the determination is repeated several times, appears to be helpful in the evaluation of patients with rheumatoid arthritis.
Attempts to restore the serum histidine concentration to normal by the long-term administration of L-histidine, by mouth, to patients with rheumatoid arthritis have been associated with clinical improvement and more normal laboratory values (24, 25) . It has been proposed that hypohistidinemia, because of an associated low synovial fluid histidine concentration (26) , contributes to the pathogenesis of rheumatoid arthritis by permitting the sulfhydryl-dependent hyaluronate-augmented aggregation of synovial fluid gamma globulin, generating in the joint fluid an inflammatory and antigenic substance (aggregated gamma globulin) (27, 28) . The observations in the present study are consistent with this hypothesis.
